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Description 

AN IMPROVED DIFFERENTIAL AMPLIFIER 
WITH DC OFFSET CANCELLATION 

Background of Invention 

[0001] The present invention relates to large bandwidth high fre- 
quency amplifiers to be placed in the receiver section of a 
high speed transmission system and more particularly to 
an improved differential amplifier provided with a parallel 
feedback loop to amplify high frequency signals wherein 
the DC offset is significantly reduced and the input 
impedance matching improved. 

[0002] In the receiving part of high speed wired transmission 

systems (like Ethernet), there is a need for the amplifica- 
tion of high frequency low power signals. This is achieved 
with a dedicated differential amplifier basically consisting 
of a chain of low gain large bandwidth amplifiers with a 
parallel feedback loop, usually called post-amplifier or PA, 
that is placed after the optical circuitry (photodiode and 
associated transimpedance circuit) of the receiving sec- 



tion. 

[0003] The block diagram of such a conventional amplifier is 
shown in FIG. 1. Now turning to FIG. 1, the conventional 
differential amplifier referenced 10 is comprised of an in- 
put matching circuit 11, an amplification section 12 con- 
sisting of a chain of large bandwidth amplifiers to obtain 
enough gain in the frequencies of interest (in the GHz 
range) and finally a circuit block 13 in the DG feedback 
loop connected in parallel between the inputs and outputs 
of said amplification section 12. All these circuit compo- 
nents are mounted in a differential manner. As apparent 
in FIG. 1, input matching circuit 11 consists of a single re- 
sistor for the sake of simplicity, that is mounted in parallel 
between two input terminals 14 and 15 receiving single- 
ended input signals INp and INn respectively from a pre- 
ceding stage schematically represented by a voltage sup- 
ply Vin and a resistor R. Vin will be referred to hereinbe- 
low as the input voltage for the sake of simplicity. Gorre- 
sponding single-ended output signals OUTp and OUTn 
are available at output terminals 18 and 19 respectively, 
and likewise define the output signal Vout, such as 
Vout=V -V . Feedback block 13 includes an ampli- 

OUTp OUTn 

fier 16 (for further amplification of the output signal Vout) 



and a RC network 17 comprised of blocks 17' for low pass 
filtering and 17" to perform the summation of the direct 
input and feedback signals at nodes A and B at the inputs 
of the first amplifier of amplification section 12 as shown 
in the drawing. The dotting which is made at nodes A and 
B allows the desired reduction of the DC offset by the sin- 
gle-ended feedback signals Fbn and Fbp. As known for 
the skilled professional, the voltage V at the inputs of the 
amplification section 12 is a function of Vin and Vfb, 
where Vfb=V -V . Note that a quite similar circuit is 

FBp FBn ^ 

described in the article: "622Mb/s CMOS limiting amplifier 
with 40 dB dynamic range" by T. Yoon & B. Jalali, pub- 
lished in Electronics Letters, Sept. 26th, 1999, Vol. 32 No 
20, pp 1920-1921. 
[0004] jhe conventional differential amplifier shown in FIG. 1 
only partially reduces the DC offset, because, unfortu- 
nately, it amplifies not only the useful input signal but 
also any DC offset signal, coming from the previous cir- 
cuits or internally generated at the input terminals of am- 
plifier 10. The amplitude of this DC offset signal can be of 
the same order of magnitude or even greater than the one 
of the input signal itself and then can detrimentally satu- 
rate the differential output signal Vout with invalid infor- 



mation. In addition, the feedbacl< blocl< 13, wliicli connect 
the RC networl< 17 in parallel on the input matching cir- 
cuit 11 significantly degrades the input impedance match- 
ing, referred to as the scattering parameter S^^ in the 

technical literature. 
Summary of Invention 

[0005] According to the present invention there is described a 
solution to this problem, consisting of an improved large 
bandwidth high frequency amplifier wherein the DC offset 
in the output signal is significantly reduced. This is per- 
formed by separating the useful high frequency input sig- 
nal information from the DC offset signal. To that end, a 
direct and feedback signal combining block is inserted 
that bridges the direct amplification line and the feedback 
loop at the summing nodes. As a result, the filtering of 
the AC components of the output signal that is combined 
with the input signal is improved. In essence, the direct 
and feedback signal combining block is comprised of two 
circuits. A first circuit, typically a buffer or an unitary gain 
differential amplifier is inserted between the input match- 
ing circuit and the amplification section to isolate the in- 
put signal from the summing nodes. A second circuit, 
consisting of a differential amplifier connected to the 



summing nodes, is inserted in the feedbacic loop to isolate 
the feedbacl< blocl< from said nodes and amplifies the 
feedback signal V^^ if necessary. The role of these two cir- 
cuits is to modify the signal combination at the summing 
nodes. 

[0006] In addition to this DC offset signal reduction, the im- 
proved amplifier of the present invention offers other out- 
standing advantages. Because, there the feedback signal 
does not interfere with the input signal, an excellent input 
impedance matching is obtained, i.e. the scattering pa- 
rameter S^^ is negative and close to infinite. This is 
mandatory in high speed systems to achieve a low eye- 
diagram closure or good jitter (and bit error rate) perfor- 
mance. The efficiency of offset reduction can be adjusted 
and is independent of input signal amplification. The loop 
stability is ensured by construction. Finally, all elements 
can be integrated in a chip using conventional integrated 
circuit technologies, saving board space, element count 
and cost. 

[0007] It is therefore a primary object of the present invention to 
provide an improved large bandwidth high frequency dif- 
ferential amplifier having a feedback loop that allows to 
significantly reduce the DC offset. 



[0008] It is another object of the present invention to provide an 
improved large bandwidth high frequency differential am- 
plifier having a feedback loop wherein the feedback signal 
does not interfere with the input signal improving thereby 
the input impedance matching (represented by the S^^ pa- 
rameter). 

[0009] jhe novel features believed to be characteristic of this in- 
vention are set forth in the appended claims. The inven- 
tion itself, however, as well as other objects and advan- 
tages thereof, may be best understood by reference to the 
following detailed description of an illustrated preferred 
embodiment to be read in conjunction with the accompa- 
nying drawings. 
Brief Description of Drawings 

[0010] FIG. 1 shows a conventional large bandwidth high fre- 
quency differential amplifier circuit designed with a paral- 
lel feedback loop. 

[0011] FIG. 2 shows the improved large bandwidth high fre- 
quency amplifier basically deriving from the FIG. 1 circuit 
but provided with an innovative input and feedback signal 
combining block according to the present invention. 

[0012] FIG. 3 shows the small signal frequency responses of the 
FIG. 1 and FIG. 2 amplifier circuits 10 and 20 with and 



without feedback. 
[0013] FIG. 4 shows a typical implementation of the innovative 
combining circuit of FIG. 2 in an advanced Bi-CMOS tech- 
nology. 
Detailed Description 

[0014] Like reference numerals (with prime) are used through the 
several drawings to designate identical (corresponding) 
parts. 

[0015] The improved large bandwidth high frequency amplifier of 
the present invention is shown in FIG. 2 where its bears 
numeral 20. In essence, it differs from the conventional 
FIG. 1 amplifier 10 by the input and feedback signal com- 
bining block that bridges both the direct amplification line 
and the feedback loop, while the other elements remain 
substantially identical. Now turning to FIG. 2, the signal 
and feedback signal combining block referenced 21 is 
comprised of a circuit 22, typically a buffer or an unitary 
gain amplifier (as shown in the drawing), placed between 
the input matching circuit 11 and the amplification sec- 
tion 12 on the one hand, and of a differential amplifier 23 
connected in series with the feedback block now refer- 
enced 13' because the RC network 17 shown in FIG. 1, can 
be simplified in some extent (the resistors composing 



sub-network 17" are no longer necessary). Signals Fbp 
and Fbn output by feedback block 13' can be amplified in 
amplifier 23 if necessary, then applied to the summation 
nodes, now referenced A' and B", respectively. The main 
role of circuits 22 and 23 is thus to isolate the input sig- 
nal Vin and the feedback signal Vfb from these summing 
nodes. In addition, circuit 23 can be used to amplify the 
feedback signal Vfb. 

[0016] The relationship between signals at the inputs of the am- 
plification section 12 is substantially the same but circuits 
22 and 23 which respectively isolate summing nodes A' 
and B'" from input signal Vin and feedback signal Vfb at 
the inputs of the amplification section 12, totally avoid 
any degradation of the input impedance matching. As a 
consequence, circuit 22 can accommodate any type of 
matching circuit 11 since there is no more direct connec- 
tion with the feedback block 13' elements. The response 
of the feedback loop can also be better controlled and has 
a full efficiency, whereas in the conventional solution, the 
matching circuit 11 degrades the gain of the feedback 
loop and thus its efficiency. 

[0017] The small signal frequency responses of the conventional 
and improved amplifiers 10 and 20 are shown in FIG. 3. 



Curve 30 represents the response of both amplifiers 10 
and 20 when there is no feedbacl< loop. Curve 31 repre- 
sents the response of amplifier 10 which clearly shows 
that only a partial offset compensation is obtained. Curve 
32 represents the response of amplifier 20 when the com- 
bining block 21 is implemented. As apparent in FIC. 3, the 
low frequency response is modified. The DC gain is sub- 
stantially different from the AC gain (high frequency gain). 
The two poles Flp and F2p which define the DC and AC 
gain regions need to be spaced as much as possible, so 
that the DC gain becomes negative, reducing thereby the 
DC offset. Curve 32 demonstrates that this highly desir- 
able result is obtained with amplifier 20 implementing the 
present invention. 
[0018] Typical DC/AC characteristics of the conventional and im- 
proved amplifiers 10 and 20 for identical direct line and 
feedback loop gain, 100 and 10 respectively, and for 
identical RC networks are given in Table 1 below. 



Table 1 : DC/AC Comparison 



Cj.rcuit 

Conventixjnal 
Improved 



DC Gain [dB] AC Gain [dB]j Flp JHzJi _F2p_IHz]„.l 

- -"18 8 ■ 33.8 [ 5.J79k 30.9k 

-26 0 ' 34.0" '^" ^ 5.64k I _ 5.64M ^ 
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[0019] The better efficiency that is obtained with the improved 

amplifier circuit 20 of the present invention is emphasized 



by the negative value of the DC gain that stays positive 
with the conventional amplifier 10 which only achieves a 
partial compensation of the input offset as mentioned 
above. 

[0020] Table 2 below allows an easy comparison of the figures of 
the S^^ parameter of that are obtained by simulations 
(assuming ideal block components are used) for the con- 
ventional and improved amplifier circuit 10 and 20. 
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Table 2 : Si, Con^arison 

lOHz [dBfX '^'^ ® ■^'^^^ ^'^^^ 
-1.7 -40.0 

-inf. I -inf. 



[0021] The figures of the S^^ parameter of improved amplifier 
circuit 20 are quite excellent (close to a negative infinite 
value in dB). It does not suffer from the degradation due 
to the RC network 17' thanks to the combined isolation 
provided by both circuits 22 and 23 at low frequencies. 

[0022] An example of a preferred hardware implementation of 
the combining block 21 of FIG. 2 in a Bipolar-CMOS tech- 
nology is shown in FIG. 4, that clearly shows that circuits 
22 and 23 can be advantageously merged in a single cir- 
cuit. The single-ended input signals, i.e. INp and INn, 
drive the base of two bipolar transistors Ql and Q2 
mounted in emitter follower to form circuit 22, typically a 



buffer or an unitary gain amplifier. Tlie bias current is 
provided by transistors Q3 and Q4 tliat are part of a con- 
ventional full current mirror stage (not detailed) with 
emitter resistors Rl and R2 to improve its efficiency. The 
base of transistors Q3 and Q4 is connected to a reference 
voltage Vref. The transistors Q3 and Q4 act as cascade 
transistors for the feedback signals. The feedback signals 
Fbn and Fbp drive the gate of two Nets Nl and N2 con- 
nected in parallel to Rl and R2 and working in their linear 
region (Vds<Vgs-Vt). Devices Q3, Q4, Nl, N2, Rl and R2 
form amplifier 23. Signals Xp and Xn that are generated 
by combining block 21 are applied to the summation 
nodes A' and B' at the input of the amplification section 12 
(not shown). 

[0023] Using standard notations, a complete small signal analysis 
of combining circuit 21 gives: V=Vin+K.Vfb, where Vfb=V 
-V and K is equal to gmN/(gmB+l/Re), where 

FBp FBn ^ 3 /V3 /» 

gmN=Mu.Vds.Cox.W/L is the NFET transconductance, 
gmB=lc/Ut is the bipolar transconductance and finally. Re 
is the emitter resistor (Rl or R2). K is thus a function of 
the width/length (W/L) ratio of the NFETs and can be ad- 
justed independently to get the necessary amount of 
feedback to adjust the offset compensation without modi- 



fying the input matching circuit 11. 
[0024] The advantages of this solution are recited below: 

[0025] 1, The DC offset signal is significantly reduced. 

[0026] 2. The feedback signal does not interfere with the input 
signal, maintaining thereby an excellent input impedance 
matching, i.e. parameter S^^ is close to an infinite nega- 
tive value. This is mandatory in high speed systems to 
achieve a low eye-diagram closure or good jitter (and bit 
error rate) performance. 

[0027] 3_ The efficiency of the offset compensation can be ad- 
Justed and is independent of input signal amplification. 

[0028] 4, The loop stability is ensured by construction. 

[0029] 5, All elements can be integrated in a semiconductor chip 
using conventional IC technologies (saving board space, 
element count and cost). 

[0030] In short, the proposed solution ensures a significant offset 
reduction and thus improves the feedback efficiency. 
Moreover, it improves the input impedance matching (S^^ 
parameter) on the whole tuning range but mainly at low 
frequencies. 

[0031] Improved amplifier circuit 20 can be designed in any stan- 
dard CMOS or bipolar technology. It has been imple- 



mented in a prototype of a post-amplifier chip in an ad- 
vanced BiCIVIOS teclinology for 10 Gb/s Ethernet commu- 
nications. The chip has been manufactured and tested. As 
far as amplifier 20 was concerned, results were in very 
good agreement with the performance predicted by the 
above simulations, as illustrated by Tables 1 and 2. 
[0032] While the invention has been particularly described with 
respect to a preferred embodiment thereof it should be 
understood by one skilled in the art that the foregoing 
and other changes in form and details may be made 
therein without departing from the spirit and scope of the 
invention. 

[0033] While the invention has been described in terms of spe- 
cific embodiments, it is evident in view of the foregoing 
description that numerous alternatives, modifications and 
variations will be apparent to those skilled in the art. 
Thus, the invention is intended to encompass all such al- 
ternatives, modifications and variations will be apparent 
to those skilled in the art. Thus the invention is intended 
to encompass all such alternatives, modification and vari- 
ations which fall within the scope and spirit of the inven- 
tion and the appended claims. 

[0034] What is claimed is: 



